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Physical characterizations of as-prepared and heat-treated films

Fig. Sla shows the XRD patterns for the as-prepared and heat-treated samples, which
indicated that there is no change in the crystal phase even after the heat treatment.
Raman spectroscopy further supports this; the Raman bands (Fig. S1b) observed
around 341 cm™ (T 29), 488 cm’ (Eg) and 641 cm” (T 2¢) 1s characteristics for the
MnZn-ferrites and were in agreement with the previous reports' that remains
unchanged after the heat treatment. The XRD and Raman studies show that the
overall structure was not changed. Further, Mdssbauer spectroscopy and XAFS
techniques are employed to observe the possible changes in the valence and site
distribution of ions. Fig. Slc shows the Mossbauer absorption spectra at room
temperature for the films. The typical sextets observed are characteristics for the
spinel ferrite.>* As confirmed by comparing the relative areas covered by the sextets
from the 4 to B sites, the Fe’* ions occupy both the octahedral B sites and the
tetrahedral 4 sites. Similar observations were made by other workers indicating a
nonequilibrium cation distribution,” especially in the case of low temperature
preparations. From the Mdssbauer spectroscopic studies (Fig. S1c), it is clear that the
heat treatment did not have any impact on the valence and site distribution of the Fe-
ions. The XANES spectra for the as-prepared and heat-treated films at the Mn K-edge
are shown in Fig. S1d. In general, at the main edge the ferrite have three peaks at £ =
6540, 6543 and 6549 eV, which are related to various 4p electronic states of Mn**
and/or Mn®" in the octahedral coordination and at the pre-edge peak around E = 6533
eV can be assigned to the unoccupied states at the Fermi energy Er.'° A comparison
of the edge position for our films with that for various Mn oxides from the literature'®
'* showed that it is slightly higher than for MnO and lower than for Mn;O,. This

indicates that the films contain some Mn>" in addition to Mn>". Since the heat-treated
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samples exhibited a similar absorption edge to that of the as-prepared, it can be

presumed that there is no major change in the oxidation state of manganese.
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Fig. S1. Various analysis of the as-prepared and heat-treated INC structured films: (a)
X-ray diffraction patterns, (b) Raman spectra, (c) >'Fe Mdssbauer spectra taken at

room temperature, (d) Normalized Mn K-edge XANES spectra.
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Fig. S2. Permeability profiles for the INC structured films with varying x (dotted-line

is for the heat treated film, when x=0.15).
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Fig. S3. Permeability profiles for the INC structured films with varying y (dotted-line
is for the heat treated film, when y=0.05).
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